Objective: Pain diaries are a valuable self-assessment tool; however, their use in chronic noncancer pain has received limited attention. In this study, we examined the effect of pain diary use on pain intensity, interference, and intrapersonal change in patients with chronic non-cancer pain. Method: A convergent mixed-methods design was used to prospectively evaluate a cohort of 72 patients. Daily pain intensity and weekly pain-interference were self-reported using pain diaries for a 4-week period. Outcomes were assessed by examining changes in pain scores (primary outcome) as well as the Brief Pain Inventory and Short-form McGill Pain Questionnaire-2. In addition, qualitative data obtained from pain diary entries and focus-group interviews were analyzed using thematic content analysis. Results: Pain intensity and average pain scores were significantly lower after using the diaries. Participants reported less pain interference in mood, walking ability, normal work, and enjoyment of life. No differences were found in SF-MPQ-2 scores. Qualitative analysis indicated that better pain recognition and more effective communication with care providers led to improved self-management and more effectual treatment plans. Conclusion: Use of a pain diary in patients with chronic non-cancer pain was associated with reduced pain intensity and improved mood as well as function. Further controlled trials examining the long-term effects of pain diaries are warranted.
Introduction
Comprehensive assessment of patients suffering from chronic pain includes evaluation of the sensory, affective, and cognitive domains. Although this process is a critical precursor to the formulation of an effective treatment plan, limited clinical resources and prioritization of the sensory aspect often result in important elements such a pain recognition and coping skills being neglected. Self-reported assessment tools such as pain diaries are easily implemented and have been shown to have a high reliability, validity, and utility. [1] [2] [3] [4] [5] [6] [7] Because they allow patients to monitor fluctuation in their daily pain levels as well as the effect of therapeutic interventions, pain diaries can enhance the sense of self-control and facilitate communication with caregivers. 2, 3 While this has been demonstrated in individuals with chronic cancer-related pain, findings have been less positive in those with acute neck and back pain. 8, 9 In contrast, little is known about pain diary use in patients with chronic non-cancer pain. We therefore undertook a study to evaluate the effect of this tool in subjects suffering from chronic non-cancer
Material and methods

Study design
The present study used a mixed-methods design with using a concurrent triangulation approach [10] [11] [12] [13] to explore pain experiences and investigate intrapersonal change before and after the use of a pain diary and we simultaneously collected both quantitative and qualitative data.
Statistical analyses were conducted to determine differences in participants' pain intensity and interference before and 4 weeks after using a pain diary. Thematic content analysis was used to synthesize the emerging themes from the pain diaries and findings from focus-group interviews. Then, the quantitative and qualitative were analyzed to determine if there was convergence, differences, or some combinations.
Participants
This study was approved by the Committee on Human Rights Related to Research Involving Human Subjects of the Faculty of Medicine Ramathibodi Hospital, Mahidol University (EC ID: ID 08-59-04) and was registered to Thai Clinical Trial Registry (TCTR 20160906001). This study was conducted in accordance with the Declaration of Helsinki. In total, 72 patients with chronic non-cancer pain who received followup and treatment at the Ramathibodi Hospital's Pain Clinic in Bangkok, Thailand between June 1, 2016 and December 31, 2016 were enrolled after giving written and informed consent. Included patients were those aged 18-65 years presenting noncancer pain for more than 3 months, fluent in the Thai language. Patients who were unable to complete the 4-week follow-up, or who requested withdrawal from the study, were excluded.
Sample size calculation
As few studies involving use of a pain diary in chronic non-cancer pain from different causes and locations were available, the sample size calculation was based on a previous study examining cancer-related pain 3 that found average pain intensity scores before and after using pain diary use of 2.76 (SD 1.64) and 2.15 (SD 1.67), respectively. Using an effect size of 36%, alpha error of 0.05 and beta error of 0.20, a sample size of 56 patients was calculated. Allowing for a potential drop out of ~30%, the total sample size required was 72 participants.
Quantitative data collection
Demographic data were recorded including age, gender, pain history (diagnosis, location), pain category (nociceptive pain, neuropathic pain, or mixed), duration of pain, education level, employment, and medication.
Other quantitative data were collected from three sources:
Daily and weekly quantitative data, written in pain diary as shown below.
Participants completed the Thai-BPI and the Thai-SF-MPQ-2 at their first visit before receiving a pain diary (baseline), and at 4 weeks follow-up.
Thai BPi 14
The Thai BPI includes the following elements:
1. body pain mapping 2. pain intensity: 1) worst pain, 2) least pain, 3) average pain intensity during last 24 hours, and 4) pain right now (rated on a scale from 0 to 10; 0= no pain, 10= worst possible pain) 3. pain interference in: 1) normal work, 2) walking ability, 3) general activity, 4) enjoyment of life, 5) mood, 6) relationship, and 7) sleep (0= no interference, 10= most disturbance) 4. a question about current pain medication (name, indication, dose, route, and start date) 5. a question about how the participant rated their improvement in the past 24 hours.
Thai SF-MPQ-2 15 The Thai SF-MPQ-2 includes 22 pain characteristics that represent four aspects of pain, each rated on a numerical scale from 1 to 10:
1. continuous pain (six characteristics: throbbing, cramping, gnawing, aching, heavy pain, and tender) 2. intermittent pain (six characteristics: shooting, stabbing, sharp, splitting, electrical-shock, and piercing) 3. neuropathic pain (six characteristics: hot-burning, coldfreezing, pain caused by light touch, itching, tingling, or pins and needles, numbness) 4. affective aspect (four characteristics: tiring-exhausting, sickening, fearful, and punishing-cruel).
Both tools complement each other as they examine different pain aspects of the pain experience. For example, BPI measures pain interference and average pain score, whereas the SF-MPQ-2 examines the nociceptive component of pain (both continuous and intermittent), as well as the neuropathic and affective components. 
Qualitative data collection
Participants provided qualitative data regarding their "pain experiences" by responding to five open-ended questions in their pain diary each week. The open-ended questions investigated: 1) how participants perceived their pain, 2) how they managed their pain, 3) their sense of control of their pain, 4) how they communicated with others about their pain, and 5) provided space for any other comments about their pain during that week. Study participants who were able to provide the best written feedback regarding their experience with the pain diary were selected to be key informants in two focus group interviews. Selected key informants were divided into two groups, a first one consisting of individuals who had entered a large amount of information in their pain diaries and noted that they had benefits in pain management after using the pain diary. A second group consisted of patients who had only completed quantitative items, provided little-to-no qualitative information, gave similar ratings for most quantitative items, or mentioned that they did not get any benefits from the pain diary.
Three investigators reviewed participants' pain diary entries before creating semistructured questions for further discussion with focus group participants. The list of questions used in the focus group interviews is shown in Supplementary S1. The interviews for each group took about 45 minutes and were voice-recorded and transcribed verbatim. In addition to the verbatim transcripts, each investigator observed and made notes about how participants talked and behaved during the interviews, including nonverbal body language. All three investigators subsequently compared their notes to triangulate their observations and interpretations.
Qualitative data analysis
Qualitative data extracted from the pain diaries, verbatim transcripts, and investigators' memos were used for thematic content analysis. All text data were entered and processed with the qualitative data analysis software ATLAS.ti version 7.0. 17 Using the protocol described by Pope et al, the thematic content analysis process included: 1) familiarization, or immersion in the raw data to list key ideas, 2) identifying a thematic framework (key concepts and themes), 3) indexing, or applying the thematic framework/index systematically to all data in textual form by annotating the transcripts with numerical codes, 4) rearranging the data according to the appropriate part of the thematic framework to which they related and forming charts, and 5) mapping and interpretation using the charts to define concepts and map the range and nature of phenomena. 18 The findings were translated to English by the first three authors.
Results
Demographic data
In total, 67 participants (93.1%) completed the pain diary for 4 weeks and returned it to the clinic; however, only 61 diaries (91.0%) were completed with daily and weekly data ( Figure 1 ). The majority of participants were female (n=40, 59.7%) with an average age of 47±12 years. Neuropathic pain was the most common pain category (n=32, 47.8%), followed by mixed pain (n=21, 31.3%), and nociceptive pain (n=14, 20.9%). Most participants had pain in more than three sites (n=13; 19%) with a duration of 3 months to 1 year (n=26; 39%), had a high school (n=27; 41%) or Bachelor's degree (n=31; 46%). The most commonly used pain regimen was a combination of a weak opioids and anticonvulsant (n=16; 23%) ( Table 1) .
Quantitative results
There was no statistical difference in Thai SF-MPQ-2, either total or subscale scores, before and after using the pain diary. However, the mean score for the affective subscale was higher than the other subscales (continuous, intermittent, and neuropathic pain) ( Table 2 ). Thai BPI score showed that participants reported lower current and average pain scores, and significantly less pain interference in mood, walking ability, normal work, and enjoyment of life after pain diary use (Table 3) . Analysis of daily data from pain diaries (n=61) showed there was no difference in pain intensity before and after using the pain diary. However, there was a trend toward 
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Qualitative results
Four pain experience themes emerged among patients with chronic non-cancer pain after using the pain diary. First, the pain diary facilitated participants' self-management through better recognition and understanding of their pain. Second, the pain diary facilitated participants' self-management through better patient-provider communication and support obtained from providers. Third, the pain diary provided a channel to relieve mood disturbance and vent negative thoughts. Finally, although the pain diary was helpful for many participants, some reported it was not helpful.
Facilitating participants' self-management through better recognition and understanding of their pain Participants perceived their pain as having different intensities and characteristics each day. Some participants had not recognized and remembered these aspects before using the diary and it helped them recognize these pain patterns. Participants were also better able to describe their pain characteristics by choosing from the 22 pain characteristics listed in the Thai-SF-MPQ-2 and could therefore report their pain to their physician more accurately. In particular, those with Participants used the questionnaires in the diary, which seem to be guiding some patients to consider their pain characteristics and patterns (researcher's observational note).
Additionally, using the pain diary led to participants' to better understanding their pain experiences, particularly what aggravated or alleviated their pain. As a result, they could modify their behaviors or manage their pain themselves (eg, taking regular physical exercise or avoiding activities that might elicit pain). These self-management skills led to better pain control and less pain interference. Facilitating participants' self-management through better patient-provider communication and support from providers
Participants reported the pain diary was helpful in terms of communicating pain intensity, pain characteristics, patterns, and adverse effects from pain medication with their physicians, as well as showing how the pain had changed from their last visit. Some participants also explained their pain location to their physician using the body mapping in the pain diary. Participants' improved recognition and understanding of their pain helped them communicate issues more clearly to their physicians, which in turn allowed physicians to provide more effective guidance, education, planning, and pain management. At the same time, participants felt more understood and appeared to have better self-esteem, which further encouraged them to manage their pain themselves. Now I can explain where the pain is using body mapping. I had no one to talk to before having been treated at the pain clinic with a diagnosis of fibromyalgia. My husband They were afraid of making their family or other people feel unpleasant (researcher's observational note).
a channel to relieve mood disturbance and vent negative thoughts
Most participants avoided expressing their emotional stress and accepted their condition. Although they suffered from pain, sorrow, or anger, most participants suppressed their self-expression of these emotions. However, some were able to use the pain diary as a coping mechanism to relieve their mood disturbance and vent negative thoughts. Previously, some participants had attempted to release stress by writing about their feelings, hopes, fears, or self-blame on a piece of paper; later throwing it away in an attempt to forget their pain. After using the pain diary, some participants found it had a similar effect, and began using the diary to write about their pain. This venting effect from writing in the pain diary appeared to lead to less mood disturbance. no intrapersonal change after using pain diary in some participants
After participants had used the pain diary for 4 weeks, we found that most regularly and actively used their pain diary. In total, 56 of 67 participants (84%) reported they received benefits from using the pain diary, especially in monitoring their pain, which helped them better manage their pain. However, eleven participants (16%) felt that they did not get any benefits from using the pain diary, and refused to complete it (by not providing answers to qualitative questions or providing little-to-no information).
We found that participants who did not complete the pain diary were likely to be those who had lived with their pain for a long time. This group of patients expressed concern about not changing anything they had already done. For example, they attempted to not talk about their pain, not focus on their pain, and avoid activities that may provoke their pain. Some patients felt that using pain diary was linked with encountering their pain. Some patients used maladaptive coping mechanisms to protect themselves from pain (researcher's observational note).
integrating quantitative and qualitative data
Overall, our quantitative and qualitative findings regarding the pain experiences of patients with chronic non-cancer pain after using a pain diary for 4 weeks were consistent. The quantitative data demonstrated that the average and current pain intensity significantly decreased after using the diary for 4 weeks. Similarly, the qualitative data indicated that patients appreciated the process of writing in the pain diary as it helped them to cope better with their pain through various mechanisms. More specifically, our quantitative findings indicated using the pain diary reduced pain interference in mood, walking ability, normal work, and enjoyment of life, and the qualitative findings revealed the pain diary provided a channel to manage their mood disturbance and vent negative thoughts. This particular intrapersonal change in the affective domain is crucial, as the Thai BPI data showed that patients with chronic non-cancer pain had higher affective pain intensity compared with nociceptive or neuropathic pain intensity.
Our qualitative findings revealed details and heterogeneity of participants' pain experiences and intrapersonal changes that could not be captured by statistical analyses. While the quantitative data highlighted overall positive outcomes, the qualitative data suggested pain experiences differ among subgroups of patients with chronic non-cancer pain. Our in-depth focus group interview with patients who actively used the pain diary over the 4-week study period revealed that they had a positive experience and benefited from the process through better recognition and understanding their pain, better communication with care providers, and reduced mood disturbance/negative thoughts through venting. In contrast, the focus group interview with patients who did not actively use the pain diary revealed negative experiences and a perception that they did not receive any benefits from using the pain diary. This heterogeneity of pain experiences between the two subgroups was consistent with the relatively high SD of pain severity and pain-interference as measured by the Thai BPI. 
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Discussion
The present study showed convergence of qualitative and quantitative data in that the majority of participants experienced benefits after using the pain diary in terms of reduced pain intensity and pain interference, as well as improved self-management. However, some patients with chronic non-cancer pain did not benefit from pain diary use. Previous studies showed that beneficial intrapersonal changes after using pain diary can include improved self-management associated with increased recognition or awareness of pain and better communication with caregivers. This appears to be consistent for patients with and without cancer. 3, 4 Schumacher et al demonstrated the usefulness of the PRO-SELF © Pain Control Program in patients with cancer, although that study did not specifically investigate intrapersonal changes among patients who did not benefit from pain diary use. 4 LeMay et al found differences in pain perception and mood interference in patients with cancer when compared to those without. 19 Patients with chronic non-cancer pain reported more depression and higher pain severity. This was consistent with our finding that patients with chronic non-cancer pain had higher scores on the affective subscale of pain when compared with other subscales. The present study also showed that patients had less mood interference after using the pain diary as a stress-venting tool. Therefore, a pain diary may be useful in reducing mood disturbance, which may be more pronounced in patients with chronic non-cancer pain, especially in Thai or other Asian cultures with limited self-expression.
There was an inconsistency in the comparison of pain intensity between the Thai BPI and Thai SF-MPQ-2. The Thai SF-MPQ-2 discriminates between the psychological and physical components of pain, whereas the Thai BPI represents overall pain intensity. The average pain intensity score on the Thai BPI was close to that for the Thai-SF-MPQ-2 affective subscale. We theorize that participants' reported pain score mainly represented the affective component of pain. However, we did not use a standardized questionnaire to measure mood disorders, such as depression and anxiety. We therefore cannot ascertain how many participants had mood disorders that may have affected their pain intensity.
Our study is one of the first empirical studies to report intrapersonal changes among patients with chronic noncancer pain after using a pain diary and possible explanatory mechanisms for these observations are presented in Figure 3 .
Patients with adaptive coping strategies are likely to benefit from a pain diary as a tool to enhance their coping skills. In our study, the pain diary helped such patients to better understand how their behaviors, feelings, and thoughts influenced their pain and how their own efforts to manage their pain in turn influenced their pain experiences. Consequently, this encouraged their self-management. For example, this group of patients more often engaged in exercise or activities that alleviated their pain/stress from pain, as well as learning about goal setting, activity pacing, and altering overly negative thoughts. This is consistent with a recent meta-analysis that suggested training in pain coping skills can play an important role in cognitive behavioral therapy (CBT) for pain management. 20 Dixon et al discussed three main components of CBT: 1) educational rationale (better understanding pain, thoughts, and behaviors and influencing their efforts on pain), 2) therapist-guided training in cognitive and behavioral coping (relaxation training, realistic goal setting, learning how to overcome negative thoughts), and 3) extensive practice with coping skills and applying those skills to real situations. 21 A pain diary may be a useful self-guided tool that creates intrapersonal change for pain management similar to those achieved by CBT. For example, in step 1-education-rationale; patients understand about their pain (by using pain diary), step 2-therapist-guided therapy (patients used pain diary to communicate with physicians to guide their treatment plan), and step 3-extensive practice and apply to real situation (patients used pain diary to monitor their pain in the daily life to adapt the management up to the change of daily activities).
Conversely, patients with maladaptive coping (eg, avoidance) may experience a vicious cycle of worsening pain ( Figure 3) ; these participants typically refused to complete the pain diary, leading to failure of pain management. 22 This knowledge may help physicians who encounter patients who refuse to use a pain diary (or only provide limited information) to understand more about these patients' hidden pain coping skills. Therefore, CBT and patient-education that encourages patients to use the pain diary might be beneficial in pain management for these patients. Although direct effects vary among patients, a pain diary can be used as a simple tool to help physicians gain a better understanding of their patients' coping strategies, which may lead to more effective pain management plans.
This study had some limitations. First, although the present findings suggest a pain diary may be effective for patients with chronic non-cancer pain, no standardized questionnaire was used to assess pain coping skills, and the categorization and assessment of pain coping skills were inconclusive. Practically, clinical assessment and subjective judgment remain the primary techniques. Future studies should consider using a pain coping screening questionnaire such as the Coping 23, 24 In practice, patients with maladaptive coping strategies may be more easily detected by pain coping screening, which would allow physicians to prepare more appropriate pain management plans. Second, the quantitative questionnaires used in this study may not be accurate in detecting the difference of pain interference in every patient. For example, patients with spinal cord injury and paraplegia had difficulty completing the pain interference items relating walking ability. A revised version of the BPI questionnaire that addresses such issues may lead to more valid self-report in future studies. Third, the group of enrolled participants (9%) that did not return a pain diary might have included patients who did not have pain relief after using the pain diary; this might have influenced the average scores for change in pain intensity and pain interference. Fourth, this study followed patients for only 4 weeks and future studies with longer follow-up periods are needed. Lastly, most the participants were longterm patients of our pain clinic and exposure to prior pain education, which was not assessed in the current protocol, may have had an effect on the study findings.
Conclusion
Beneficial intrapersonal changes were observed after pain diary use, including enhanced self-management skills which were associated with improved self-recognition, Figure 3 Themes of changes after using pain diary. Notes: This figure showed hypothesis from triangulating analysis (green boxes) correlated to existing theories (white boxes). After using a pain diary, all patients perceived and subsequently coped with their pain. The pain diary enhanced patients hidden coping skills, including: 1) increasing recognition and understanding of their pain, which encouraged better self-management, 2) enhancing communication with physician leading to better therapist-guided education and treatment, and 3) venting of emotional stress, which may reduce mood-interference. Some patients, who did not use the pain diary, had mostly maladaptive coping skills, such as avoidance, which might lead to worsening pain. The coping skill training might help these patients to have more adaptive coping, that may enhance the utility and benefit from a pain diary. Abbreviations: Thai-BPi, Thai Brief Pain inventory; Thai-SF-MPQ-2, Thai Short-Form McGill Pain Questionnaire-2. 
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